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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a P-type ohmic 
electrode structure of low contact resistance for a 
ll-VI semiconductor laser or the like. 

SOLUTION: A blue semiconductor laser is formed of 
ZnSe ll-VI semiconductor A Cl-doped N-type ZnSe layer 
12, a Cl-doped N-type ZnSSe clad layer 13, a Cl-doped 
N-type MgSSe clad layer 14, a Cl-doped N-type ZnSSe 
optical waveguide layer 15, an ZnCdSe active layer 16, 
an N-doped P-type ZnSSe optical guide layer 17, an 
N-doped P-type ZnMgSSe clad layer 18, an N-doped 
P-type ZnSSe layer 19, an N-doped P-type ZnSe layer 
110, an amorphous Te layer 111, and an insulating layer 
1 12 are formed on an Si-doped N-type GaAs substrate 1 1 
for the formation of a P-type ohmic electrode structure 
of low contact resistance. The P-type ohmic electrode 
structure of this constitution can be lessened in 
contact resistance by the use of the amorphous Te layer 
1 1 1 as a contact layer. 
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(54) B£ifi©«s3 mmmm$&Tpmmwom8i& 



(57) 

MS] II-VI^^U— V*$<0<&als9 9 h&fc 
OpS*-Atera««fK:^1-S. 

ZiiSe^II-VIJjE^*flc*ffllHfc»feaNS 

(w, CltrK-^LfenSZiiSeJil 2, Clfr K-^LfcnS 
ZnSSe^ 7 y Ki 1 3 , CIS: K-^LfcnfflZnlfcSSe* 7 
y K® 1 4, ClSr K-r UfcnS!ZnSSe3te*ttli 1 5, Zn 
CdSeSttS 16, HI: K-:/UtpS!ZnSSett*fcJB 1 
7 , N£ Y-f LfcpSZnMgSSe* 75/KH8, N£ K- 
^LfcpI&nSSeJf 1 9, N£ K-^UfcpffiZnSe* 1 1 
0, T*/U7x*TeJ|l 1 1, ffiftJI 1 1 2-CifeS. Te 
7W77,H 1 hJIlCffiV^wtlCj; 

5, {&^=<>-^ MSSt^biuS. 



(a) 

113 PfiSAuPd«fi 

111 T67*A377« 



112 




110 Pffl2nSe« 
19 PSLZnSSe* 
>y y vL ^ 1 8 P«ZnM0SSe95»K« 
3—17 PfflZnSSe**R* 
16 ZnCdSeStt* 
15 nfflZnSSeft*** 
14 nffiZrtM9SSe25»K« 
13 nffiZnSSa* 
12 nfflZnSeff 
1 1 nffiGaAs** 



(b) 




(2) 



2 3 2 6 3 3 



■BJLhiC?K*LfcS. Se, Te, AsS, AsSe, AsTe, As, S 
b, Si, Ge, SiGe*fcttSiCT*/W7 7*Ji£, ilfilET* 

t + fc^fcfrfta*. io 

m^i^e^yt^t $r^m t -r 5 *MMH»a*. 

/Wi&fi£*1-5Xai* J(ffi+KTl!«¥*#=tr** 
/HI£J8**5XB^ XStfcTttE******* so 

^^rvt ± icm^ffl & m *w&t 5 ii t & 6 

CI £ fctfft 2: 1~ 5 * fiO»ig*& 

sa*©¥**SE*>»a*&, 

^«±lc«ffifflAJRS:^fife1-6Xai:, BulB^Ji^Stw 
Jfraii-T *v&fiMt1-5Xg 1"5 w t *r4#«! 1 1-s 

[0 0 0 1] 

[3BWOJS1-5aHf»WF] ^Wttatx-f ^^ftifl-ffl 
l^H5¥^B?t^^O^^®^P1-5t>£0T- so 



fc5. 

[00 0 2] 

[ft*W8tffi] ZhSe^II-VI«efc^»i|fe»*ttiE»W 

ffl ^ u-f © W«#e*Cff *>;h/C v ^ 5, 

[0 0 0 3] ft5fc#J£ tt, ZnSe^II-VI^^^l 

!F©«a«:ia 1 1 IC^1\ llltt 
Si€rK-^UfcnfflGaAs»R, 1 1 2fiCl«r K-7*bfcn 
SZnSefi* 1 1 3teCl£ K-^LfcifflZnSSe* 7 * K 
1, 1 1 4 ttCl*- K-7LfcnSZrillgSSe* 7 s> KS, 1 
1 5 ttCl* K-^Lfcn®ZnSSe**«Ji. 1 1 6 liZnCd 
SeiSteJI, 1 1 7l4N^K-^LfcpfflZnSSe*«tt«, 
1 1 8 m% K-7* LfcpMZnMgSSe^ 7 y KJf , 1 1 9 
liHfcK-^LfcpSZnSSeH, 1 1 1 OttSS: K-7*Lfc 
pSZnSel. 1 1 1 1 ttpSZnSe/ZnTrfM^FS, 
111 2liN£r K-^Lfcp®ZnTe=i>** YM. 1 1 1 
3ttftlM. 1 1 1 4 lipfflAuPdWL 1 1 1 5f*nUln 

[00 04] 

[0 0 0 5] ( 1 ) p®ZnSe*fcf±pffiZnSSe±(^J»Sr 
■*?McLTpi!«*M»5#S\ *fctt«MR©*f 
4fcRTfc5£*6£ft£*El'*"t 1 fe, ->a y h*H* 

■?0«»«ffiroi(»Wj6«4i:5, 
[0 0 0 6] (2) f£*©J:5(Cpl!ZnTe3^^ M 

ttWtt36S»*ICfteH5^, ZnTefc*0TG>«T*>5Zn 
Set J«fc*je*©***»#7%i: *# V Vfc »6ZnTel 

$-^5o 

[0 0 0 7] C 3 ) Jgfidtfiftll-VISl^WfrSrS^^ 
{'^cS1"5 t*aiciKk3&sa^ ZhtWSeOdSftJtffiic^ 
^$^5c ^lCC^ZnO^$t^t^^lC^-Cfc5/c 
864R-II-VI«l**#IBK#ft1-5 t*t ttmmt 3te9 
*-Att«ttS:»5 w t tt£K& ft 5. 

[00 08] ( 4 ) ZnSe^II-VIWb*****©^ 

i**a*ttHtt & 300^ t m * r i& v ^ 

^JR^«ffil(MM**£»UII-VIlj|2W*i5JS 
[0 0 0 9] *i-C3|s:3BWtt, II-Vl8i2Wfr^--!W 

coi&3^^^ h«©s©pffl*-Att«a#ia*^««i- 

5t)^-Cfo5« 
[0 0 10] 

we*«ifti-5fc«><o^a] ans:»fti-5fc«)^ 
at±9c©a«?-cfe5o 

looii] (i) n-vm*mft^v**i/*>um± 



(3) 



ftfflW- 9-232633 



3 

iooi2] (2) n-nm*&fr^**i/*frm± 

CS, Se, Te, AsS, AsSe, AsTe, As, Sb, Si, Ge, SiGe 
*fcttSiCB*JBjKbfc«L *©B±£4fcR*rJMtLfc 

[0 0 13] (3) Il-ViaiWfl^tf^^V^/Hi 

[0014] (4) n-nm*mft=-***i''*&m± 

[0 0 15] (5) HS*t-r^3|fr£«±(wii-viiJl 

jmpu *e>icgi#a#K3£«^"Cii-vi«*»*itr 

[0016] (6) Kffi+^-C¥*#afi4R±twII-VlK 

i^r *«iW#jfic©ijtRiaflE'Cii-vi»£*»*3: * 

[0017] ( 7 ) »3^T¥3IMt««±fc:iI-VI& 

[0018] ( 8 ) *»*«*± i-n -ymmfcL * 

**v^/VB£f&lL*:&, *©II-VUjgiNSC*aitr^ 
*^*A'B±(c«ffiffl&A$:fl2l£U £*>lc*co&lic 

[0 0 19] 

•C0 1 1 0 &ffllr^-ClftW1-5o 

[0 0 2 0] (£ffi<Z>ffl$£ 1 ) Ml 1 ttZnSefcll-VIfc* 

1 fiSifc K-7" LfcnSGaAsSffi. 1 2 (±Cl£r K-^ U 40 
fcnliZnSeB, 1 3 liClS: K-S^UfcnSlZnSSe* 7 7 K 
1, 1 4 ttClS: K-^L^nMZnMgSSe^ 7 y KB, 1 5 
f*Cl£ K-^Ufcn®ZnSSe**M, 1 6 l*ZnCdSe*£& 
B, 1 7(*N$r K-rLfcpMZnSSeftig&l, 18teN& 
K— 7 s Lfcp^ZnligSSe^ 7 y KB, 19 lift K-^L 
fcp^ZnSSeB, 1 1 0ttN£ K-^LfcpHZnSeB, 1 1 
1137^7 7 *TeB, 1 1 2t*16M* 1 1 3t±pMA 
uPdtti, 1 1 4(inain«i-Cif!>6o #*ffi©?M8©J: 
9t-, TeT^/l^T^B 1 1 1 Sr^^^ hSfcJHV N 5 



[0 0 2 1] *©e*"Cfc*fl*Lfc^-1f©««-« 

[0 0 2 2] ft*©J:5fcp^Te*£©^**V+ 
= hBfcJMrt"**^ pfiZnTeKtt L 
tfflV ±»©*ttl©®« * l^l^-^te^ 
<*#**(c#6itS. U*»LZnTe3a*xf ^ *i"*^HB* 
■Cfc53&**:ftCZnTet*©T©Ji"Cfc52nSe2:0*^£ 
fcKHfc ft !K 9ZnTel* 

So 

[0 0 2 3] — #7*^7 7 ^JBSS* >HI± 
7*/W77*B# 1 b£ 1 b£ftRyWft 

^<i!5o n p!IOT^;v7 7^B^ffM-Ct^ () 
Te7*^7 7*Bl 1 1 ictt LT K 

[0 0 2 4] EI2tt^S^imo— #J^r^1- 0 * 
llfSO^tB-ettZnSe^II-VlKWffOrtfi^St L 
X, »«|xtr^^i/-tt«:fflV^ *-fGaAs»ttl 1 
±(CClSrK-^tfcnSZriSeBl 2. Cl€r K-^tfcnS! 
ZnSSe^ 7 y KB 1 3 , Cl«r K-^ LfcnSZnMgSSe^ 7 
7 KB 1 4 , CIS: K-^ LfcnSZnSSeate^&B 1 5 , Zn 
CdSeSHSB 1 6 , K-^Ufcp®ZnSSe*S»«B 1 
7 , N*r K-^LfcpSZnKgSSe^ 7 y KB 1 8 , N£ K- 
f Lfcj^ZnSSeB 19, »«: K-^ LfcpMZnSel 1 1 0 
tl«*3:tr^^V-Y^** , fS« NS:K"7 P Lfcp 
^ZnSeBl 1 0±t«#ttSrfflV^rTeT*;U7 7^Bl 
1 l«rJK«1-5. ^(C7^hyy^77^tc<tc»T7,h 
7-</W^^ H^^-^S:(SfiB±(w^*U -tft 

[0 0 2 5] U^h^^^T£t^©fl9*ONS:K-^ 
Lfcp^ZniigSSe^ 7 7 KB 1 8 , N^: K-^ LfcpPZnSS 
eB 1 9 , NSr K-^ LfcpSZnSeB 110, TeT^A-7 

^««(c*K«s«B2: UT^i^B 1 l 21>m$>&$titz 

V>Tp^AuPdm@l 1 3Sr®ric1-5« 
[0 0 2 6] f^S, eH±©ttW-Ctt, =V^^hBSrTeT 

COS, Se, Te. AsS, AsSe, AsTe, As, Sb. Si, Ge, SiGe 
*fct4SiCB(C0V^Tt>H«tlWpr*-e*>5, 
[0 0 2 7] (Xtt^tB 2 ) Mi 3 (±, ZnSe^II-VI^ 

3 1 ttSifc K-^UfcnSGaAs*tt, 3 2 ttClS: K-^ 



(4) 



4#§l¥9- 2 3 2 6 3 3 



LfcnSiZnSel, 3 3 ttClfc Lfcn^ZnSSe^ 7 y 
KJi, 3 4 fiCl £ K-7* LfcnUZnMgSSe? 7 y K*. 3 
5 ttClfc LfcnSZnSSe3tea*M, 3 6 ttZnCdSe*£ 
ttl, 3 7fiN& K-T'UfcpSEnSSejte**!, 3 8 KN 
£ K-7*LfcpSZnMgSSe7 7 y Kl, 3 9 l*N£ K-7* 
LfcpffiZnSSeJi, 3 1 0 l*N£ K-7*LfcpllZnSeJI, 3 
1 ltt**^|«*Sr«DLfcT*/U7T^SiC», 3 1 
2(i|fe^® x 3 1 3 l*pMAuPdmil> 3l4HnMlnm^ 

[0 0 28] #2?&<^1§£><fc o \^ *£7MfefrWn io 
LfcSiCT^/U7 7*Jl3 1 lfcai'** hJgfcffi^S 

r-foa ^ ufc u-^m^-mE^^ia 3 (b) tc^ 

[0 0 2 9] *mm<OMte<0 i P KSiCT^/l-7 7 
3 1 1 (^*^«*SraS3QDl"Swt^J:?)SiCr*;U7 

3 1 1 iOj^ffitCjoiTS*^ V Ttfti&l*Z0>mtEWSL& 

[0 0 3 0] SiCT^77*!3 1 1 £:t fcf* 
/HB ± \z ITOIcft & * & 

t^Ki^ 0 B «W07^7 7*l#^T*££ 0 ^O^m 
l^— ro»*t>l«]±-C#5. 4fcAu*£©&««:fflV\h, 
tfSiCT*^7 7*Jl3 1 1 fc»LT*-Att»|*fejflSg 30 

[0 0 3 1] H4 ttfRH©iao-ffil^-r. * 

^^^^TiiZnSe^II-Vm^^^^&£ L 

ft+m^t^-mzm^ito *-fcaAsaE«3i 

±fcClSr K-7* LfcnMZnSel 3 2, CIS: K-^lfcnS 
ZnSSe? 7 7 KB 3 3 , CIS: K-7* UfcnfflZnllgSSe^ 7 

y KJI 3 4 , CIS: K~7° tfcnS!ZnSSe3te»*H 3 5 . Zn 
CdSefS^JI 36, Lfcp®ZnSSe3teaittJi 3 

7 , NS: K-r LfepSlZnlfeSSe* 7 y KJS 3 8 , NS: K— 

7° LTtp^ZnSSeJi 3 9, N£ K-7° bfcp^ZnSel 310 40 

MZnSeJl3 1 0±(CECR7•7X■^CVD&fflV^X*»^tt* 

[0 0 3 2) &ic7* h v yfyymzx^xx by 4 

*7 £ L--Cffli^Tl3«Ji&* h7^7*#K^y7^7*i- 
60 u^* H^*£T&*©1R#©NS: K— 7*LfcpSlZh 
MgSSe? 7 7 Kg 3 8 , NS: LfcpSZnSSeJi 3 9 , 
NS: K-7"tfcpMZnSel 3 10, ***ttfcSrW)D Lfc 
T^-^7r*SiCJI 3 1 lSrxyfy^iLfc. so 



*yf->^SJxfc«*t«HWJii: IT»«|3 1 2 
#S*&$ixfc»SS««1"3. *LT0:n^£ffifc* 
#«fe«rfflv^rpffiAuPd«ffi3 1 
[0 0 3 3] i&L 0Lb©SMH-ett, = V*7hJ§S:SiC 

f&COS. Se, Te> AsS, AsSe, AsTe, As, Sb, Si. Ge, Si 

[0034] (mmomm 3 ) a 5 rt, znsemi-vm 

5 1 ttSifc K-^LfcnSCaAsMu 5 2 ttClS: K-7° 
LfcnSZnSeS, 5 3 ttClS: K-7*LfcnSZhSSe* 7 y 
KJB, 5 4 ttClS: LfcnUZnMgSSe ^ 7 y KS , 5 
5 ttClfc K-^ LfcnaZnSSeftWM, 5 6 tiZnCdSeS 
5 7ttHSrK-7*Ufcpa!ZnSSe3tS»«JB, 5 8I*N 
fe- K-7° tfc P MZnMgSSe7 7 y Kl, 5 9 (iN^r K-7* 
LfcpSZnSSel. 5 1 0 HN«r K-^LfcpSlZnSeS, 5 
1 l*i®^fel$r^tfcT ; E-;U7 7^AsSeJi, 5 1 2 
ttttftJI, 5 1 3ttpSlAuPd«fc 5 1 4 &nmnm&X 

[00 3 5] «J6o»«fl5 J: 5 «5Ftt4fe€:»M U 
fcT^;V7r^AsSe§5 1 1 £=J>-*? hlirffi^^- 

*>5fr«Lfc^— !f©««-«E4«4S:BI 5 (b) ic^ 

[0 0 3 6] ***©^li©J:5C % T^e^7 7^AsSe 
151 l(C«^«**aaffl+5tffi«fitt«I-VI^ 
^£T^7 7^AsSe^5 1 1 £ 0#®lCf&*aH££ 
tt*BM*ft^tJ:9ll#im+5, «=«««±II-VI« 
^^;r*3V^T{iT^-fe7 , ^£ ur«#, #®tr^< 

[0 0 3 7] AsSeT^77^l5 1 1 ^f?*^ 

[0 0 3 8] ^tc, 06«iff«©XSO— «^+ c * 

-C, ^*=tr^^>-i6c«:fflV^ *^GaAsS^5 1 
-blCClSr K-7*LfcnSZnSeJi5 2, CIS: K-7*Lfcn^ 
ZnSSe^ 7 y KJ1 5 3 s Cl^ Y-Zf Lfcn^ZnMgSSe^ 7 
y Kl 5 4 , CIS: K— 7* LfcnllZnSSe^&JI 5 5 . Zn 
CdSe8H£JI 5 6 x NS: K-7" UfcpSZnSSe**KH 5 
7 , NS: tfcp^ZnMgSSe^ 7 y KS 5 8 , N^r K— 



(5) 
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^LfcplJZnSSeJlS 9, N£ K-7*LfcpHZnSeJI 5 1 0 

Ifitra— ^■■Tr^-rttwTKSrK— ^UfcpSZnSeJiS 1 
0±(Cffi^|fi*€r«inUfcT*;U7 7^AsSdi5 1 1 £ 

[0 0 3 9] j^C7,t h U y^T^tfelCfcoT* h7^f 

£ 0 i^>-7, h^^^T£i^o««©N^K-^UfcpS2h 10 
MgSSe^ 7yKi6 8, N£ K-7* LfcplJZnSSeJI 5 9 , 
N£ K-^LfcpffiZnSeJiS 1 0, ffl^ttttSrSfllLfcT 
^^T^AsSeJIS 1 1 S:syf>^»ilfc 0 ^ 
ft, &^15 1 2££®3&3fLfc&y 7 h*7£m\ 

*fe&ffl^Tp3!AuPd««5 1 0Sr^rici"5o 
[0 0 4 0] ^ W±OSft^T*i, ^V^^h^^AsTe 

fl!l«OS, Se, Te, AsS, AsSe, AsTe, As, Sb, Si. Ge, Si 20 

GeifcttSiCJitwo^-ct>ra«tc:iiiteBrffi-caE>5. 
[0041] (mmmm4) m»:im<ox& 

■fCaAsSS 7 1 _h(CCl$r K-^LfcnfflZnSeJB 7 2, CI 
€:K-^LfcnffiZnSSe^^yKS7 3, C1& K-7°lfc 
n^ZnMgSSe^ 7 7 KS 7 4 , Cl£ K-^LfcnSZnSSe* 
7 5 , ZnCdSe&teJl 76, Nl: K-^LfcpSZnSS 
e7ci£&JI 7 7 , N£ K-7* Ufcp^ZnHgSSe^ 7 7 K* 7 
8 , N£ K-^LfcpfflZnSSeJl 7 9 , N£ K-7*LfcpI!Z 30 
nSel 7 1 0 bURK*****/* 
[0 0 4 2] ^x^^^^|©f t y/< 

F*3HTNsr K-yLfcpSZnSeg7 1 0±fcTeT*/U7 7 

*mi 1 1 «rMc*5^r^«i-5o mz.m&a>*** 

N£ UfcpSZnMgSSe^ 7y KI7 8, N£r K— 7* L 40 

TtpliZnSSeJI 7 9, N£ K-^UfcpSZnSeS 7 1 0, Te 

**ifc$:JBV*TpS!AijPdmffi7 1 3&7BfiM-3. 
[0 0 4 3] ttAASHll-viSg^V^^^ttcttS 
t5 t**(-Wb)6S3i^, ZnO*SeO#*«ffil::^j£$*L 

^>^if»cj:t?^t^*1-5^il±lit<. &JR-I so 



8 

l:Te7^7 7 Xl7 1 l«r»dt+5fc«), TeT*;u-7 

7^i7i 1 hii-nm¥&&k<D®\zmm&ft&t 

[0 0 4 4] ft, **tte^tt(c*jv^fira— ^-yw< 
-ft-C§|£#E£TeT^/W7 7*JI 7 1 1 ©JBj£&fToT 

77^17 l l ©?Brt«rfTA(iW«©a*l±»6^ ey 

£tTII-VIJMM**«r*G>?-+ >^-ir#ib UTTeT 

[0 0 4 5] « % &±<D®.WV^ =3^*2 hm*7eT 

OS, Se, Te, AsS, AsSe, AsTe, As, Sb. Si, Ge, SiGe 

[0046] mm<omm s ) Rt, bi 8 i^si^ii 

©— ««ra*1\ *3HHS«>3K*-CttZnSe*II-VIl!|iWft: 

-fCaAs&£8 lifcClfc K-7* LfcnSlZnSeJI 8 2, CI 
£ K-7*LfcnSlZnSSe? 7 7 KB 8 3 , CI* K-7°Lfc 
nUZnligSSe:? 7 y KB 8 4 , Cl€r K-7* LfcnMZnSSeTt 
8 5 , ZnCdSeflH&I 8 6 , N£ K-7* LfcpMZnSS 
eTfcW&Ji 8 7 , N€r K-7* tfcp^ZnMgSSe^ 7 y Kl 8 
8, K* K-7*Lfcp^ZnSSel8 9, Nfc K-^LfcpgZ 
nSe!8 1 OiHWfe3:tr^^W/H*«i-5 0 t> 

[0 0 4 7] *tT3ltttf ra-^^-rtlcTH* 
K-^Lfcp^ZnSe^8 1 0±t-pMAum^8 1 1 ZMU 
H*3^-C^1"5o W:7^MJy^77jfel;J:oT7, 

Jtp^ZnMgSSe^ 7 y KJB 8 8, N& K-7*UfcpSZnSSe 
189, N£ K-y tfcp^ZnSel 8 10, pSAuPdW 
8 1 Uxyfy^Lfco ^rO^, HH8 1 2* 
ifflStUt*y7 h^-7SrtTV\ ^y^v^Sixfcft 

pHAut;&8 1 1 %M&i-z> 0 

[004 8] ISfiritfiftll-VIfllWfrfeaftila^arjg 




[0 0 4 9] ^:^(0^{c±3^T(il^-^^y^ 

ttc5l *tt*4*0^€rfT^ttf R«©» 10 

[0 0 5 0] (Utt^^M 6 ) *tc. IS 9 tt«*©16 
^-^JSr^i" 0 *^*©»16TttZnSe3RII-VIJ!e a Wff 

-fCaAsS&9 1 -htCCler K-^LfcnSlZnSeJI 9 2, Cl 
£ K-^ LfcnSZnSSe^ 7 7 KB 9 3 , CIS: K-^tfc 
n^ZnHgSSe^ 7^KI9 4, CIS: K-7" Lfcn^ZnSSe^: 
%fiJi 9 5 , ZnCdSef&tel 9 6, N£ K-7^ LtcpHZnSS 20 
eTcSg&B 9 7 , N^r K— 7" U^ipMZnMgSSe ^ 7 7 KB 9 
8, N£ K-^Ufcpi!ZnSSeB9 9. N£ K-^LfcpMZ 
nSeB9 1 0 hMfc*¥?*^;Uf&%i-Z> 0 
ttZlQtk Ltz<, 

[0051] ^Hattf^^i/— «sof-+>/< 

WtK— ^^r^— rttiTHS:K-^UfcpSlZnSeS9 1 
0±(Cp®Au«ffi9 1 l^M-foo wtttlJ:*?, ft«L 
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